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(57) Claim 

1. Conjugates of cytokines with human immunoglobulin. 

2. Conjugates according to claim 1 of the formula 



in which Ck is a residue of a natural human cytokine or of c recombinant 
cytokine, Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 



3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon,, .of interleukin, of 
a related compound or of a fragment that retains the biological activity, 
Ig is a residue of a natural human immunoglobulin, 2 is a covalent bond 
or a covalently bonded di-, tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
more carbon atoms have been replaced by oxygen, sulfur and/or unsubsti- 
tuted or substituted nitrogen atoms, and in which Ck, Ig and/or Z also 
may occur several times* 

9. A process according to claim 8 for the preparation f conjugates of 



Ck-Z-Ig 



( I) 



and/or Z also mav occur several times. 
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which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a coiijugate having covaient bonds is 
formed, and isolating the conjugate. 

10. A process according to claim 9 which comprises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxyiic acid group 
or with a reactive derivative thereof, or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, treating two complementary sub-units that 
both contain a mercapto group with a mild oxidizing reagent, or 

c) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, substituting a reactive subs ti tutable 
functional derivative of the mercapto group of one sub-unit with the 
complementary sub-unit containing a mercapto group, or 

d) for the preparation of a conjugate of formula 1 in which the sub-units 
are linked by a carbon-sulfur bond, adding a sub-unit containing a 
mercapto group to the complementary sub-unit containing a carbon-carbon 
double bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the mercapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrazino group, and, if desired, reducing the resulting 
carbon-nitrogen c!ouble bond to a carbon-nitrogen single bond with a 
reducing agent, or 

f) for the preparation of a conjug&te of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrasino group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-halogen bond by the amino or 
hydrazin gr up. 
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13. A method of LieaLiiii* viral inteccions aritJ tumouis in an animal 
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ConjuRates of cytokines with immunoglobu lins 

The present invention relates to novel conjugates consisting; of a cyto- 
kine and human immunoglobulin, if desired linked by means of an organic 
bridge-former, to processes for the preparation of such conjugates, to 
pharmaceutical preparations, and to the use of those conjugates for the 
treatment of viral infections and tumours. 

Backeround of the invention 

Cytokines are soluble proteins and glycoproteins that are secreted by 
somatic cellSf especially immunocompetent cells, in response to a stimu- 
lation. Cytokines have a large number of biological activities. They ar 
messenger molecules that take part in the regulation of the metabolic 
status of adjacent cells, are produced locally in the cells and are also 
normally effective only locally. Cytokines enhance or suppress the activ- 
ity of an adjacent cell in respect of a specific property. 

Examples of cytokines are mediators that influence monocytes and macro- 
phages, such as macrophage migration inhibition factor (MIF), macrophage 
activating factor (MAF) or chemotactic factor for macrophages, mediators 
that influence polymorphonuclear leucocytes, such as leucocyte inhibiti n 
factor, leucocyte migration inhibition factor (LIE) or leucocyte 
migration promoter factor, mediators that influence lymphocytes, 
antigen*specif ic or non-specific helper cell factors or antibody produc- 
tion suppressor factors, mediators that act on other cells, such as 
lymphotoxins, tumour necrosis factor (TNF), colony stimulating factor 
(CSF), growth inhibition and growth proraotor factors, especially B-c 11 
growth factor (BCGF), insulin-like growth factor (IGF), platelet-derived 
growth factor (PDGF), fibroblast growth factor (FGF) and others, and also 
the group of interferons (IFN) and the group of interleukins (XL). 



Like most of the cytokines, interferons have a molecular weight in the 
range of from 10,000 to 40,000 Daltons. They protect cells against a 
large number of viruses, inhibit cell growth in culture, influence immune 
responses and increase the amount or activity of certain specific intra- 
cellular enr>Tnes. Interferons are subdivided into three classes, namely 
interferon a, B and y. Natural human interferon alpha (huIFNa) is pro- 
duced by leucocytes and lymphoblas told cells and comprises at least a 
dozen different polypeptides which differ from one another in their amino 
acid composition and in their degree of glycosylat ion . Natural human 
interferon beta (huIFNG) is formed by practically all body cells, for 
example by fibroblasts and to a slight extent also by lymphoblas toid 
cells. Natural human interferon gamma (huIFNr), also called immune inter- 
feron, is produced by T-lymphocy tes or NK cells. In contrast to IFNa and 
IFNE. IFNr is acid-labile ( pH 2) and is distinctly different in its 
serological properties. 

Human cytokines for therapeutic use can be obtained by culturing stimu- 
lated normal human cells. This source is of little practical importance, 
however, owing to the limited availability of cultivatable human cells 
and the inherent separation problems and costs. Certain cytokines can 
also be obtained by culturing continuous human cell lines. The method 
best suited to the industrial preparation of cytokines, however, is the 
cultivation of gene-technologically modified bacteria, fungi or mammalian 
cell lines in which the genetic information for the synthesis of the 
desired cytokine has been incorporated by recombinant gene technology. 
This method also renders possible the preparation of compounds that 
differ from natural compounds and consequently have different and better 
properties for certain intended uses. 

The therapeutic use of cytokines, for example of interleukin 2, inter- 
feron a or interferonr, la not without problems. They are normally 
quickly broken down and/or excreted. In the case of systemic administra- 
tion it is difficult to build up and maintain the high plasma concentra- 
tion necessary for an antiviral or anti-tumour activity. On the other 
hand, undesired side effects arise, which are possibly attributable to 
the passage of the cyt kines through th blood-brain barrier. There is 
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therefore a pressing need to find ways and means on the one hand to 
achieve therapeutically effective high concentrations of cytokine in the 
plasma, and on the other hand to limit or reduce undesired side effects. 

Object of the invention 

The object of the present invention is to render cytokines available in a 
form that makes it possible to increase their residence time and concen- 
tration In blood plasma and tissue. An especially suitable solution to 
this problem is provided by conjugates consisting of a cytokine and human 
Immunoglobulin, If desired linked by means of an organic bridge-former, 
that surprisingly have distinctly longer biological half-lives than free 
cytokines. Also described are a process for the preparation of the con- 
jugates, pharmaceutical preparations and their use in the treatment of 
viral infections and tumours. 

Description of the invention 

The invention relates to conjugates of cytokines with human immunoglobu- 
lin. 

A cytokine Is a soluble protein or glycoprotein, as synthesised and if 
need be secreted, in response to a stimulation, by somatic cells, for 
example immunocompetent cella* in order to effect a metabolic change in 
adj acent cells, for <example in order to influence their growth proper- 
ties, and is also a related compound that differs from a natural cytokine 
as a result of the replacement, omission or addition of one or more amino 
acids and/or carbohydrate residues, or is a fragment of such a compound 
that retains the biological activity. For example, one, two, three or 
four amino acids of a natural peptide may be replaced by other amino 
acids or may be omitted completely, one, two, three or four additional 
amino acids may be present, for example at the amino end of the peptide, 
one or two carbohydrate residues of the natural glycoprotein way be re- 
placed by other carbohydrate residues or one, two, three or all carbo- 
hydrate residues may be missing. Furthermore, r lated compounds may b 
comp sed, f r example, also of parts of two different cytokines. 
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Examples of cytokines of thir. dot initio,, are the naturally occurring 

■ i i fartor (MIF), macrophage 

factors, such as macrophage migration inhibition factor 

1 1 • 1 o 1 A S or 6. colonv stimula- 
activating factor (MAF). interleukin l,2.3.a.Dor«. 

, ting factor (CSF), lymphotoxin. B-c«ll ,rowth factor (BCGF). interferon 
alpha (IFNa). interferon beta (IFNO) or interferon gamma (liNr). espe- 
cially the corresponding hum.m cytokines, also compounds that are related 
or identical to the natural factors and are produced by recombinant gene 
i technology in prokaryotes, in eukaryotes or mammalian cells, such as 
I recombinant MAF, MIF. interleukin, CSF. BCGF. lymphotoxin, IFNa. tor 
example IFNa,, IFNa,, IFXa , etc. up to IFNa,.. and IFNu/A. IFNa/B. 
IFNa/D. IFNa/F or IF.Na/B-D hybrids, IFKB or IFNr. and also fragments of 
the natural or recombinant compounds that retain the biological activity. 

i Hormones and antibodies (also called immunoglobulins) that are secreted 

' by B-lymphocytes after stimulation by antigens and/or mitogens do not 

i fall within the definition of cytokines. 

I An immunoglobulin is a human immunoglobulin (antibody) that belongs to 
the A, D. E, G or M class of immunoglobulins, preferably immunoglobulin G 
• or M.Thl variable region of the immunoglobulin has an arbitrary speci- 

i ficity. Preferably, the immunoglobulin in the conjugate of the invention 
,:i is a mixture of antibodies of the same class of immunoglobulin but of as 
I many different specificities as possible, such as can be obtained from 
|i the blood of healthy humans. An immunoglobulin in the conjugate of the 

invention can, however, also be a polyclonal or monoclonal human antibody 
specific to an antigen that is foreign to the body. 

A conjugate is a hybrid molecule in which one or more cytokines and one 
or more immunoglobulins are combined. It is a chemical complex in which 
the coupling is effected by a chemical bond, for instance an ionic or 
covalent bond, or optionally by a bridge-former, for example an organic 
bridge-former, or an association of the molecules involved. The mentioned 
chemical complexes or associations are preferably stable under physio- 
logical c nditions. 



The Invention relates preferably to conjugates of the formula 



Ck-Z-Ig (1) 

in which Ck is a residue of a natural human cytokine or of a recombinant 
cytokine, Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 
and/or Z also may occur several times. 

The residue Ck is mono- or poly-valent, for example di- or tri-valent, 
depending on the number of hydrogen atoms and/or hydroxy groups that are 
replaced by bonds to bridge-formers Z or to immunoglobulin residues Ig. 

The residue Ig is mono- or polyvalent, for example di-, tri-, tetra-, 
penta- or hexa-valent , depending on the number of hydrogen atoms and/or 
hydroxy groups that are replaced by bonds to bridge-formers Z or to cyto- 
kine residues Ck. 

In conjugates of the formula I in which Z is a covalent bond, cytokines 
and immunoglobulins may be bonded by an amide bond between a terminal 
amino function or a side-chain amino function of the one peptide and a 
terminal carboxylic acid function or a side— chain carboxylic acid func- 
tion of the other peptide, or by a carbon-nitrogen bond between a ter- 
minal amino function or a side'-chain amino function of the one peptid 
and a carbohydrate residue of the other glycoprotein. 

In auch conjugates in which Z is a covalent bond, the residues of the 
cytokine and of the immunoglobulin are bonded preferably by an amide bond 
between the terminal carboxy function of the cytokine and an amino func- 
tion of the immunoglobulin, or by a carbon-nitrogen bond between an amino 
function of the cytokine and a carbohydrate residue of the immunoglobu- 
lin- 

An organic bridge-former Z is a polyvalent, for example dl-, tri- or 
tetra-valent, hydrocarb n radical that is if desired substituted and/or 
in which one r more carbon atoms are if desired replaced by hetero 



atoms, and that is bonded covalently to the cytokine and to the immuno- 
globulin residue by an amide, ester, amine, thioether, thioescer or di- 
sulfide single bond or by a cnrbon-ni t rogen double bond. Such hydrocarbon 
radicals have up to 30, especially from 4 to 20» carbon atoms and are, 
for example, of aliphatic, eye loa 1 i pha 1 1 c , aromatic, araliphatic or ali- 
phatic-cyc loal ipha tic nature, Substituents of such hydrocarbon radicals Z 
are, for example, one or more, for example two, if desired protected 
hydroxy groups, oxo groups, if desired protected amino groups, imino, 
nitro, lower alkoxy, lover alkylamino, di-lower alkylamino or lower alkyl 
groups, if desired protected hydroxy-lower alkyl groups, if desired pro- 
tected amino-lower alkyl groups, if desired protected mercapt o-lower 
alkyl groups, methy 1 thlo- lower alkyl groups, if desired protected 
carboxy-lower alkyl groups, carbamoy 1-lower alkyl, amidino-lower alkyl, 
aryl-lover alkyl, for example phenyl-lowor alkyl or if desired protected 
hydroxyphenyl-lowor alkyl groups, and heteroary 1-lower alkyl groups, for 
example if desired protected indolyl-lower alkyl or imidazoly 1-lower 
alkyl groups* In such hydrocarbon radicals Z hetero atoms that replace 
carbon atoms are, for example, oxygen, sulfur and/or nitrogen, the 
nitrogen atoms if desired being substituted by lower alkyl or being part 
of a cycloaliphatic ring. 

Divalent hydrocarbon radicals are, for example, lower alkylene, cycle- 
alkylene, phenylene or combinations of these radicals, such as lower 
alkylene-cycloalkylene , lower alkylene-pheny lene , lower alkylene<-cyclo* 
alkylene-lower alkylene, lower alkylenc-phenylene-lower alkylene or the 
like. Divalent hydrocarbon radicals in which hetero atoms replace carbon 
atoms are, for example, anino*lower alkylene, lover alky lene-amino* lower 
alkylene, hydrazino-phenylene-amino , oxy-lower alkylene, lover alkylene- 
oxy-lower alkylene, thio-lover alkylene, lover alkylene-thio-lover alky- 
lene, lover alkylene-dithio-lover alkylene and azacycloalkylene in vhich 
a nitrogen atom replaces a ring carbon atom, and combinations of the 
mentioned radicala, such as, for example, from 2 to 10 repeated units of 
the same or different amino-1 ver alkylene radicals that if desired are 
bonded to hydrazino-phenylene , amino-lover alkylene-dithio-lover alky- 



lower alkylene-cycloalkylene-azacycloalkylene, lower alky lene-oxy- or 
amino-lower alky lene-azacyc loal ky lene , azacycl oa 1 ky 1 ene-pheny Icne-az a- 
cycloalkylene , lower alky lene-amino-pheny lene-ami no- lowe r alkylene, lowf,r 
alkylene-oxy-lower alkylcne-oxy-lower alkylene or the like. 

Trivalent hydrocarbon radicals are, for example, lower alky lene-met hy 1- 
idene, pheny lene-lower alkylidene and similar radicals and the corre- 
sponding radicals in which nitrogen atoms replace carbon atoms are, for 
example , amino-phenylene-hydraziny lidene . Tetravalent hydrocarbon 
radicals are, for example, lower alkanediylidene , cycloalkanediy 1 Idene or 
similar radicals. 



The term "lower" used in lower alkyl, lower alkoxy, lower alkylene or the 
like indicates such groups having from 1 to 7 , preferably from 1 to 4, 
carbon atoms. Lower alkyl preferably has up to A carbon atoms and is. for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec. -butyl or 
tert. -butyl. Lower alkoxy preferably has up to U carbon atoms and is. for 
example, methoxy, ethoxy, propoxy or butoxy. Lower alkylene preferably 
has up to 7 carbon atoms and is. for example, methylene, ethylene, 
1 ,3-propylene, 1 . 4-butylene or 1 , 6-hexylene . 

Cycloalkylene preferably has from 3 to 8 carbon atoms and is. for 
example, 1 , 2-cyclopentylene , 1 , 3-cyclopentylene . 1 . 4-cyclohexylene or 
1,5-cyclooctylene. Phenylene is 1,2-, 1,3- or 1 .4-phenylene. Aracyclo- 
alkylene is, for example, l-«za-l , 2-cyclopentylene , 1-ara-l , 3-cyc lo- 
pentylene or 1 -aza-1 , 3-cyclohexylene • 

Protecting groupa are those customarily used in peptide and/or carbo- 
hydrate chemistry. 



A protected amino group ia, for example, in the form of a readily cl av- 
able acylamino, arylnethylamino , 2-acyl-lower alkylenyl-1 -amino or silyl- 
amino group or in the form of an asido group. Preferred amlno-protectlng 
groupa are acyl radical, of carbonic acid aemieatera, especially tert-- 
butoxycarbonyl. if desired substituted benzyloxycarb nyl. diphenyl- 
methoxycarbonyl, 2-halo-l wer alkoxycarbonyl , trityl or f rmyl . 
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A hydroxy group is protected, for example, in the form of a rc.idily 
cleavable acyloxy group, especially an oxyca r bony 1 oxy group, such as 
tert.-butoxycarbonyloxy , benzyloxycarbonyloxy or 3-h.-ilo- lower alkoxy- 
carbonyloxy, or a readily cleavable ether group, especially arylmethoxy , 
such as nrityloxy. 1-oxyalkoxy. such as 1 -echoxyethoxy . or 2-tetrahydro- 
pyranyloxy. and sllyloxy, such as ter t . -bu t y Idime t hy 1 s i ly 1 oxy . 

A carboxy group is protected, for example, in the form of a readily 
cleavable ester group. Preferred carboxy-protect ing groups are tert.- 
butoxy. If desired substituted benzyloxy. diphenylmethoxy . allyloxy and 
2-( trimethylsilyl )ethoxy . 

A mercapto group is protected, for example, in the form of a readily 
cleavable thioester, monothioacetal . thioether or disulfide group. 

A bridge-former 2 is linked with the cytokine residue and the immunoglo- 
bulin residue, for example by an amide bond between the terminal amino 
function or a side-chain amino function of the cytokine or immunoglobulin 
and a carbo.xy function of Z. by an amide bond between a terminal carboxy 
function or a side-chain carboxy function of the cytokine or immunoglo- 
bulin and an amino function of 2. by a nitrogen-carbon single or double 
bond between a terminal or a side-chain amino function of the cytokine or 
Immunoglobulin and a carbon atom of 2. by a carbon-nitrogen single or 
double bond between a carbohydrate residue of the immunoglobulin and an 
amine or hydrazine function of Z. by an ester bond between a hydroxy 
function of an aalno acid or of a carbohydrate residue of the cytokine or 
Immunoglobulin and a carbon atom of Z. by a thioether or thioester bond 
between a mercapto function of a cysteine residue of the cytokine or of 
the immunoglobulin and a carbon atom of Z or by a disulfide bridge 
between a mercapto function of a cysteine residue of the cytokine or 
imaunoglobulin and a mercapto function of 2. 

A bridge-former Z is, for example, 1-oxo-lower alkylene or 1-oxo-lower 
•Ikylene-amino. such as carb nyl-propylene . carbonyl-propylene-amlno , 



methylene. Preforably, such a c^'oup Z is linke<J to the cytokine or 
immunoglobulin at the carbonyl jjroup nnd at the amine radical by an amide 
bond and. If desired, is bonded ut the lower alkylenc* end by a carbon- 
nitrogen single bond. 

Another br i dge- f o rme r Z is» for example, a divalent or trivalent radical 
consisting of from 1 to approximately 10, preferably from 1 to 3, 
carbony 1-methy lene-amlno groups and, if desired, a carbonyl -methy 1 ene , a 
pheny lene-hydraz ino or a pheny Icne-hydraz iny 1 idene group. In such a 
carbonyl-methy lene-amlno group, if desired methylene is substituted by 
lower alkyl, hydroxy-lower alkyl, amino*lower alkyl, mercapto-lower 
alkyl, methylthio-lover alkyl, carboxy- lower alkyl, carbamoy l-lower 
alkyl, amidino-lower alkyl, phenyl-lower alkyl, hydroxypheny l-lower 
alkyl, indolyl-lowcr alkyl or imidazolyl-lower alkyl, for example as in 
the residues of the naturally occurring amino acids glycine, alanine, 
valine, leucine, Isoleucine, serine, threonine, lysine, cysteine, 
methi'>nino, asparagine, glutamlne, aspartic acid, glutamic acid, 
arginine, phenylalanine, tyrosine, tryptophan and histidine. Methylene 
and amino in a carbonyl-methy lene-amino group may also be bridged by 
lower alkylene, for example as in the residue of the naturally occurring 
amino acid proline. The carbony l*methy lene-amino groups are linked to one 
another and to the carbonyl-methylene group by amide bonds. Preferably, 
such a bridge-former is linked with the cytokine or Immunoglobulin at the 
carbonyl end and at the amino end by an amide bond and, if applicable, at 
the methylene end or at the hydrazine end by a carbon-*ni t rogen single 
bond and at the hydrazinyl idene end by a carbon-nitrogen double bond. 

Examples of such bridge-formers are the tripeptide residues glycine- 
alanine-arginine. isoleucine-alanine-tyrosine , the pentapeptide residues 
leucine-glycine-alaninc-alanine-arginine, glyc ine-glycine-leuc ine- 
alAnlne-tyrosino, alanlne-isoleuclne-alanlne-iaoleuclne-lyslne and 
bridge-formers in which those peptide residues are bonded at the nitrogen 
end to carbonyl-methyl ne , A-phenylene-hydrazino or 4*phenylene-hydrazin- 
ylldene • 
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Another bridce- former 2 is a divnlent radical amlno-lower alky lene- thio , 
preferably amlno-cthylt.Mic-thlo, oxo- lower Tilkylene-chlo, preferably 
carbony l-methy leiie- thlo or ca rbony 1 -e t hy 1 one- 1 h i o , me thy 1 e ne-c a rbony 1 — 
methy lene- thio or 1 - i .ni no- 1 owe r alkyli iie-thlo, preferably ca rbon imi doy 1 - 
propy lent*- 1 h to - In such a br i dge- f o rme r the thlo function is bonded to a 
cysteine residue of the cytokine or immunoglobulin by a disulfide bridge 

Another bridge-former 2 is the divalent radical amino-lower alkylene-di- 
chio-lover alky lenc-amino , preferably amino-ethy lene-di thio-e thylene- 
amino, or oxo-lower alkylene-di thio-oxo-lover alkylene, preferably 
carbony 1-methylene-dithio-methy lene-carbonyl , carbonyl-ethy lene— dl thlo— 
ethylene-carbony 1 or carbonyl-propylene-dithio-propy lene-carbonyl , oxo- 
lower alky lene-di thlo-lmino- 1 ower alkylenc, for example carbonyl- 
methylene-, -ethylene- or -propy lene-di thio-propy lene-carbonimidoyl , or 
iiaino-lover alky lene-dl th io-lmino-lower alkylene, for example carbon- 
xmidoy 1-pr opy lene-d I thio-propy lone-carbon imidoyl or carbonlmidoy l- 
buty lene-dithio-buty lene-carbonimidoy 1 . In such bridge-formers the 
carbonyl function is linked to the cytokine or immunoglobulin preferably 
by an amide bond and the carbonimidoy 1 function preferably by a Chio- 
iminoester bond. 

Another bridge-former 2 is, for example, a divalent radical that is 
formed on the one hand from oxo-lower alkylene, such as carbony i- 
ethylene, from carbonyl-cycloalky 1 idene , such as carbonyl-1 , 4-cyclo-: 
hexylene* from methylene-carbonyl-methy lene , methylene-carboxy-lover 
alkylene, such as methylene-carboxy-methylene • from nethylene-carbox- 
amldo-lower alkylene, such as nethylene-carboxanldo-nethylene , or from 
carbony 1-phenylene, preferably carbonyl-1 . 3-phenyiene , and on the other 
hand from 1 -succinisidylene-3, 1 -succinimidy lene-3-thio-lower alkylene- 
amino, such as 1 -succinimidylene-3-thio-ethylene-anino , from 1-succin- 
imidylene-3-thio-oxo-lover alkylene in which lower alkylene is, for 
example, ethylene or, preferably, propylene, from l-succinimidylene-3- 
thio-nethylene-carbonyl-methylene or from l-succinimidylene-3-thio- 
imino-lower alkylene in which lower alkylene is preferably butylene. The 
two groups of the bridg -former are linked with one another via the 
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bridge-former is bonded, for example, at carbon 3 to a mercapto group of 
a cysteine residue of the cytokine or immunoglobulin. Especially 
preferred are the b r idge- f o rme r s c arbony 1 - 1 . 3-pheny iene- 1 - su c c 1 n- 
imidylene-3-thio-ethylene-carbonyl and carbonyl-1 , 3-pheny lene- 1 -succ in- 
imidylene-3-thio-propylene-carbonimidoyl . which are linked to the cyto- 
kine and the immunoglobulin by amide bonds and a thio iminoes ter bond. 

Another bridge-former 2 is. for example, a divalent lower alkylene 
radical, a trivalent lower alky lene-methy lidene radical or a tetravalent 
lower alkanediylidene radical, it being possible for these radi'-als to be 
substituted by lower alkyl. for example 1 , 5-pentylene , 3-inethyl-l , 5- 
pentylene, 3 , 3-diraethy 1-1 , 5-pentylene , 1 ,6-hexylene. 1 ,^-butylene- 
methylidene, 1 , 5-pentdiylidene . 3-methyl-l , 5-pentdiy lidene , or 3,3-di- 
tnethyl-1 , 5-pentdiylidene. preferably 1 , 5-pentylene and 1 . 5-pentdiylidene . 
Such a bridge-former is preferably linked with the cytokine and the 
immunoglobulin by a carbon-nitrogen single bond or double bond. 

Another bridge-former Z is, for example, a divalent lower alkylene 
radical having 2 hydroxy groups, for example 2 , 3-dihydroxy-l , A-buty lene 
or, preferably, 2 , 4-dihydroxy-l , 5-pentylene , or lower alkylene-oxy-lower 
alkylene and lower alkylene-oxy-lower alkylene-oxy-lower alkylene having 
2 hydroxy groups, for example ( 2-hydroxy-l , 3-propylene )-oxy-( 2-hydroxy- 
1 .3-propylene) or ( 2-hydroxy-l , 3-propylene>-oxy-( 1 .4-butylene)-oxy-( 2- 
hydroxy-l , 3-propylene) • Such a bridge-f ormer is preferably linked to the 
cytokine and immunoglobulin by a carbon-nitrogen single bond. 

Another bridge-former 2 is, for example, a divalent carbonyl-amino— 
phenylene-amino-carbonyl radical, which if desired is substituted by 
lower alkyl groups, for example carbonyl-amino-1 . ^-phenylene-amino- 
carbonyl or carbonyl-amino-l-methyl-2 , 4- or -2 , 6- phenylene— amino- 
carbonyl. or the corresponding thiocarbonyl radicals. Such a bridge- 
former is linked to an amino group of the cytokine and of the immun - 
globulin by an amide bond and is thus a urea or thiourea derivative- 



Compared with cytokines? alone, the conjugatos of the invention surpris- 
ingly have a substantially higher residence time half life in blood 
plasma and tissue. This observation can be made, for example, by inject- 
ing experimental animals, for example mice, rats or rabbits, intravenous- 
ly, subcutaneously or intramuscularly with cytokines only, with conju- 
gates according to the invention, and with mixtures of non-conjugated 
cytokines and immunoglobulin, taking blood and tissue samples at various 
intervals and ascert*»ining their content of cytokine or cytokine conju- 
gates. This test demonstrates that, compared with cytokines alone or 
cytokine-immunoglobulin mixtures, Lhe residence time half life of the 
conjugates of the invention is higher by a factor of 5 or more. 

The conjugates of the invention can therefore be used in the same manner 
as the corresponding cytokines on their own for the treatment of viral 
infections and/or tumours. Compared with the cytokines themselves, how- 
ever, the conjugates of the invention have the advantage that they can be 
used in distinctly smaller amounts owing to their longer residence time 
in the organism and especially in the bloodstream and tissue. Further- 
more, it is to be expected that the conjugates of the invention, when 
applied directly to the site at which they are to act, will remain there 
longer and thus bring about fewer side effects, for example, in the 
central nervous system. 



The invention relates especially to conjugates of the formula I in whi 



ch 



Ck is a residue of a natural or recombinant human interferon, of inter- 
leukin, of a related compound or of a fragment that retains the biologi- 
cal activity, for example interferon alpha, beta or ganuna. interleukin 2 
or a recombinant protein or glycoprotein in which one. two. three or four 
amino acids of an interferon or interleukin have been replaced or 
omitted, in addition one, two, three or all of the carbohydrate residues 
of an interferon or interleukin are missing, parts of two different 
interferons or interleukina are combined with one another, or only the 
biologically active part of the interferon or interleukin is present. 
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Ig is a residue of a natural human immunoglobulin, for example an immuno- 
globulin G or M from the blood of a healthy human, 

Z is a covalent bond or a covalently bonded di-, tri- or tetra— valent 
hydrocarbon radical which, if desired* is substituted and/or in which, if 
desired, one or more, for example two, three or four, carbon atoms have 
been replaced by oxygen, sulfur and/or unsubs t i tu ted or substituted 
nitrogen atoms, for example lower alkylene, eye loalkylene , phenylene and 
combinations of the three mentioned radicals with one another and/or with 
oxy* thio and unsubs tituted or lower alkyl-substi tuted amino, also with 
azacycloalkylene , it being possible for the said radicals to be substitu- 
ted by hydroxy, oxo , amino, imino, lower alkoxy, lower alkylamino, di- 
lower alkylamino, lower alkyl, hydroxy-lower alkyl, amino-lower alkyl, 
mercapto-lower alkyl, methylthio-lower alkyl, carboxy-lower alkyl, carba- 
moyl-lower alkyl, amidino-lower alkyl, phenyl-lower alkyl, hydroxypheny 1- 
lower alkyl, indoly I'-lower alkyl or by imidazolyl-lower alkyl, also lower 
alky lene-raethylidene , phenylene-lower alkylidene, amino-phenylene-hydra- 
zinylidene, lower alkanediylidene or cycloalkanediy lidene , . 

and in which Ck, Ig and/or Z also may occur several times, for example 
twice or three times. 

The invention relates more especially to conjugates of the formula I in 
which 

Ck is a residue of a natural or recombinant human interferon or of a 
related compound, for example natural Interferon alpha, natural inter- 
feron gamma, recombinant interferon alpha, for example IFNoi, IFNaz, 
IFNaa to IFNai*, and IFNa/A, IFNa/B, IFNa/D, IFNa/F or IFNa/B-D hybrid in 
glycosylated or non-glycosylated form and with, if desired, replaced, 
missing, or one to four additional, amino acids, or recombinant inter- 
feron gamma, 

Ig is a residue of a natural human immunoglobulin, for example an immuno- 
globulin C or M fr m the blood of a healthy human, and 
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Z Is a covalenc bond or a covalently bonded divalent hydrocarbon radical 
which, if desired, is substituted by oxo or imino and/or in which one or 
more, for oxamplo two. three or four, carbon atoms have been replaced by 
oxygen, sulfur and/or nitrogen atoms, for example unsubstituted or oxo- 
and/or imino-substituted lower alkylene and combinations of that radical 
with oxy. thio. amino, phenylene and/or azacyc loa Iky lene . for example 
1-oxo-lower alkylene. for example carbonyl-propy lene . carbonyl-ethylene 
or carbonyl-methylene. 1-oxo-lower alkylene-amino . for example carbonyl- 
propylene-amino or carbonyl-echylene-amlno, amino-lower alkylene-thlo . 
for example amino-ethylene-thio . oxo-lowor alkylene-thio . for example 
carbonyl-methylene-thio. carbonyl-ethylene-thlo or methylene-carbonyl- 
methylene-thio. 1-lmlno-lower alkylene-thlo. for example carbonimidoyl- 
propylene-thlo. amino-lower alkylene-dithio-lower alkylene-amino, for 
example amino-ethylene-di thio-ethylen«-amlno . oxo-lower alky lene-dlthio- 
oxo-lower alkylene. for example carbonyl-methy lene-dithio-methylene- 
carbonyl. carbonyl-ethylene-di thio-ethy lene-carbonyl or carbony 1-propy- 
lene-dithio-propylene-carbonyl . oxo-lower alkylene-dlthio-imino-lower 
alkylene. for example carbonyl-ethylene-dithio-propylene-carbonlmidoyl . 
Imino- lower alkylene-dlthio-imino-lower alkylene, for example carbon- 
Imldoyl-propylene-dlthlo-propylene-carboninidoyl. carbonyl-phenylene- 
succinimidylene. for example carbonyl-1 . 3-phenylene-l-succinlmldylene-3. 
o«rbonyl-phenylene-sueclni«idylene-thlo-lower alkylene-amino. for example 
carbonyl-1 . 3-phenylene-l-auccinl«ldylene-3-thio-ethylene-anino . carbony 1- 
phenylene-auccini«idylene-thlo-oxo-lower alkylene. for example carbonyl- 
1 .3-phenylene-l-succlnlaldylene-3-thlo-ethylene-carbonyl. or carbonyl- 
phenylene-succlnlmldylene-thio-lBlno-lower alkylene, for example 
carbonyl-1 , 3-phenylene-l-aucclni«ldylene-3-thlo-propylene-carbonlmidoyl . 

The Invention relates more especially to conjugates of the formula I In 
which Ck is a residue of a natural or recombinant human interferon alpha, 
for example IFSa^^ or IFNa/B-D hybrid. Ig 1. a residue of a natural human 
Immunoglobulin G, for example a. can be obtained from the blood of a 
healthy human, and Z 1. a c valently bonded oxo- and/or Imlno-.ubstltuted 
lower alkylene-dlthlo-lower alkylene radical, for example carbonyl- 
ethylene-dlthlo-ethylene-carbonvl, earbonv)— rK«i-«— , 
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Most especially the invention relates to the conju^atoc mentioned in the 
Examples . 

The invention relates also to a process for the preparation of cytokines 
with human immunoglobulin which comprises reacting a cytokine with human 
immunoglobulin and, if desired, a bridge-former. The conjugation is 
effected according to methods that are known per se. 

The invention relates preferably to a process for the preparation of 
conjugates of the formula 

Ck-Z-Ig (I). 

which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having covalent bonds is 
formed, and isolating the conjugate. 

The present invention relates especially to the said process which com- 
prises : 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond* condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 
or with a reactive derivative thereof, or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, treating two complementary sub-units that 
both contain a mercapto group with a mild oxidizing reagent, or 

c) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, substituting a reactive substi tutable 
functional derivative of the mercapto group of one sub-unit with the 

c mplementary sub-unit containing a mercapto group, or 
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d ) for the preparatioti of a corijugate oT forrmil.i I in which the sub-uniti; 
are linked by a c a rbon- s u I f ii r bond, addinjj a 3ub-unit contnininc a mor- 
cnpto group to the complementary auh-unit containing a c a rbon- c a r bon 
double bond or containing an epoxide function, or substituting a carbon- 
halogon bond by the morcapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrarino group, and, if desired, reducing the resulting 
carbon-nitrogen double bond to a carbon-nitrogen single bond with a 
reducing agent, or 

f) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrazino group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-ha logon bond by the amino or 
hydrazino group. 

Pairs of sub-units that can be linked together according to process a) by 
an amide bond are, for example, a cytokine and an immunoglobulin that 
each contain a free carboxy group or a free amino group, a cytokine and 
an immunoglobulin substituted by one or more bridge-formers containing a 
free carboxy and/or amino group, a cytokine substituted by one or more 
bridge^formers containing a free carboxy and/or amino group and an 
Immunoglobulin, or a cytokine and an immunoglobulin that each carry a 
bridge-former moiecy containing a free carboxy group and a free amino 
group, respectively, and these two moieties together form a bridge-former 
2. Such pairs of sub-units or mixtures of three sub-units consisting f 
cytokine, immunoglobulin and a bridge-former containing a free carboxy 
and a free amino function are treated with a condensing agent. Suitable 
condensing agents are those that are conventionally used in peptide 
chemistry, for example carbodiimides , for example N , N ' -dicyc lohexy 1- 
carbodilmide, preferably water-soluble carbodiimides such as N-ethyl- 
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ethyU-i socyanidc , if doslred in the prn-senco of a tertiary amine, for 
example c r i e t hy 1 nm i no , N-mc thy Imorpho 1 i ne or 4-d 1 me t hy 1 ami nopy r id i ne , and 
of an activated e s t e r- f o rm i ng hydroxy compound, for example N-hydroxy- 
succlnimide, N-hyd roxy- 5-norbornono-2 » 3-d i c a rboxy 1 i c acid imido or 
1 -hydroxybenzot riazole . Other suitable condensing anents are, for 
example, 2-e t hoxy- 1 -othoxyca rbony 1 - 1 , 2-d ihydroquino 1 1 ne or activated 
phosphates, such as di phony Iphosphoroaz Ida to or diethy Iphosphorocyani- 
date, if desired in the presence of a tertiary amine. The condensation is 
carried out in an aqueous solvent that may contain an organic or inor- 

^nic buffer and/or a niscible organic diluent, for example a lower 
alkanol. for example tor t . -butanol . a lower alkanediol. for example 
glycol, d i me thy 1 f o rmami de » acetonitrile or the like, at temperatures of 
from approximately -20''C to approximately ♦50'*C, preferably from 5"C to 
room temperature. 

Reactive functional derivatives of sub-units in process a) can be formed 
in situ and are. for example, reactive carboxyllc acid derivatives, for 
example activated carboxylic acid esters, reactive mixed anhydrides, 
reactive cyclic amides, isocyanates or 1 sothiocyanates . 

Activated esters of carboxylic acids are. for example, of the vinyl ester 
type, for example actual vinyl esters, carbamoyl vinyl esters or 1 -lover 
alkylvinyl esters, esters of the anidine type, for example N.N'-disub- 
stltuted amidino esters that can be obtained by treating the correspond- 
ing acid with a suitable N.N'-disubstltuted carbodilnide. for example 
with N.N'-dicyclohexylcarbodlimlde. or also N.N-disubstltuted amidino 
esters, suitable aryl esters, especially phenyl esters substituted by 
electron-attracting substltuents . for example 4-nit rophenyl . 2.4.5-trl- 
chlorophenyl. pentachlorophenyl or 4-phenyldlarophenyl ester, cyanomethyl 
esters, thioesters. especially nitrophenyl thioester. or preferably amino 
or amido esters that have been obtained, for example, by treating the 
corresponding acid with an N-hydroxyamlno or N-hydroxyamldo conpound. for 
example with N-hydroxyaucclnimide , N-hydroxypiperidine , N-hydroxyphthal- 
imide. N-hydroxy-5-norbornene-2.3-dicarboxylic acid imide or 1-hydroxy- 
benzotrlazole . 



- 18 - 

Reactive mixed anhydrides of acids arc» for example, anhydrides with 
inorganic acids, for example acid halldos, enpecially acid chlorides 
anhydrides with carbonic acid lower alkyl semiesters, anhydrides with 
dlhalogenated . especially dich lorlna ted , phosphoric acids or phosphoric 
acid derivatives, anhydrides with strong carboxylic acids, for exarrple 
trlf luoroacetic acid, or anhydrides with organic sulfonic acids, for 
example lower a Ikanesu 1 f on ic acids or arylsulfonic acids, such as 
methane- or p-toluene-su 1 f onlc acid. 



Suitable cyclic amides are especially those with f i ve-mcmbered aromatic 
diazaheterocycles . for example amides with imidazole or pyrazole, for 
example with 3 . 5-dime thylpy raze le . 

Reactive carboxylic acid derivatives are reacted with a reactant contain- 
ing a free amino group under the same reaction conditions as those 
described above for non-activated sub-units except that the condensing 
agent can be omitted. Preferably, an acid-binding compound is added, for 
example an alkali metal carbonate or hydrogen carbonate, for example 
sodium or potassium carbonate or hydrogen carbonate, customarily together 
with the corresponding sulfate, or an organic base, for example a ster- 
ically hindered tri-lower alkylamine, for example ethy Idi i sopropy lamlne . 

^'■^^^^a^iyt the reactive carboxylic acids are derivatives of the bridge- 
former, for example dicarboxylic acid dichlorides, activated dicarboxylic 
acid dieaters, diiaocyanates , for example phenylene-1 , 4-dii socyanate or 
l-methyl-phenylene-2 ,4-dii6ocyanate, or d i isothiocyanates • 

The starting inateriala for process a) are known or can be prepared 
according to known processes, for example by a process as described 
hereinbefore or hereinafter. 



Pairs of sub-units that can produce a disulfide bond in accordance with 
process b) or c) are, for example, a cytokine and an immunoglobulin that 
both contain a bridge-former moiety containing a mercapto function and in 
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which the brldge-formor moieties toccther form the r.itilcil Z. In process 
c) the mercapto j-rovip of one of thv two sjwb-unl t « is in tlx- form of a 
reactive subs t i cu tab 1 o functional Horivativc. 

Suitable oxidizing agents for procesn b) of tho pr...r.t.nt invention are 
especially mild oxidizing agents, for example iodine. 1 . 2-d i iodoethy lene . 
o-iodobenzoic acid. 1 . 10-phenanthrol ine and copper sulfate, potassium 
hexacyanoferr3te( III ) or, preferably, oxygen or air. The reaction is 
carried out in water or aqueous buffer solution at a pil of from approxi- 
mately 3 to approximately 9. preferably close to the neutral point, and 
at temperatures of from approximately -S^C to approximately room tempera- 
ture. The aqueous reaction medium contains, if desired, a miscible 
organic solvent, for example a lower alcohol, for example tert . -butanol . 
dimethylformamide. acetonitrile or the like, and/or an alkali motal 
iodide, fo- example sodium or potassium iodide. 

A reactive substitutable functional derivative of the mercapto group of a 
sub-unit in process c> can be formed in situ and is. for example, a 
sulfenyl halidc, sulfenamlde. su 1 f eny 1 sul f one . thiosulfate or. prefer- 
ably, a mixed disulfide. 

A sulfenyl halide is. for example, a sulfenyl chloride or a sulfenyl 
iromide. A sulfenamide is derived, for example, from a cyclic amine, a 
dicarboxylic acid Imide or a heterpcycle and 1«. for e.xample. N-sulfenyl- 
plperidine. N-sul f eny Isucclnlmlde . N-sulf enylphthalimide . N-sulf enyl-5- 
norbornene-2,3-dicarboxyllc acid Imlde. l-sulf enylbenzotrlazole or 

1- sulfenyllmidazole. 

A mixed disulfide Is. for example, a disulfide with an aromatic thiol, 
for example with thlophenol substituted by halogen, nltro. cyano or 
carboxy. for example with o-chlorothiophenol . 2 . A-dlchlorothlophenol or 
E-nltrothiophenol, or a disulfide with a heteroaromatlc thiol, for 
example with pyrldlnethlol . preferably with 2-pyrldlnethlol . with 
mercaptopyrldln.carboxyllc acid, qulnollnethlol . 2-«ercaptobenr imidazole . 

2- Bercaptobenzothiazole or with 2-mercaptobenzoxazole . 
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A sulfenylsulfonc is, tor example, 
example a me t hano L h i o s u 1 I'oiui t c , or 
desired, ia substituted by methyl, 
p-toluenet h iosu 1 f ona te . 



n lower a I k y 1 1 h 1 o nu 1 f ona t o , for 
a bonzeno t h i osu 1 f onn t e , which, if 
nitro or halocf-n, for example 



In a thiosulfate the organic radical containing the dorlvatised morcapto 
function is bonded to the sulfur. Preferably, the thiosulfate is in 
anionic form, for example an alkali metal r.h i osu 1 f a t e , for example sodiur 
or potassium thiosulfate. 

There is especially preferred as the reactive subs t i tu tabl e functional 
derivative of the mercapto group in process c) a mixed disulfide, 
especially a disulfide with 2-pyridinethlol . 

The reactive functional derivatives of the mercapto croup are prepared 
according to known customary methods from compounds having a free 
mercapto function or a mercapto function derivatised in some other 
manner . 



In process c) the reactnnt containing a free mercapto group and the 
reactant containing a reactive subs t i tutable functional derivative of the 
mercapto group are reacted in water or. preferably, in an aqueous buffer, 
at a pH of from approximately 3 to approximately 9. preferably close to 
the neutral point, that is to say at a pH of from 6 to 8. at temperatures 
of from approximately -20''C to approximately +50*C. preferably from -5*C 
to room temperature. If desired, the aqueous reaction medium contains a 
mlscible organic solvent, for example a lower alkanol. for example tert.- 
butanol. dlmethylf ormamide . acetonltrile or the like. 

The starting materials for processes b) and c) are known or can be 
prepared by processes that are known per se . for example by a process as 
described hereinbefore or hereinafter. A substituted cytokine and a sub- 
stituted Immunoglobulin in which the .ubstltuents carry a mercapto gr up 
are prepared, for example, from the cytokine and from the immunoglobulin, 
respectively, by reaction with a compound containing a orotected merrP.nro 



ester as described hereinbefore under process a). The protecting group of 
the fnercapto function Is then removed by processes that are known 
per se » For example, a disulfide, as described hereinbefore as a reactive 
subst i tutable functional derivative of the morcapto group, can be used 
as a protecting group during a process analogous to process a), and 
afterwards cleaved under mild reducing conditions, for example with a 
thiol, for example 2-mercaptoe thanol , 3-mercapto- 1 , 2-propaned io 1 , thio- 
glycolic acid, thioglycolic acid methyl ester or 3-mercaptopropionic 
acid, or preferably with a dithiol, for example di thiothrei tol or dithio- 
erythritol, in an aqueous buffer solution at a pH of from approximately 
3 to approximately 6, preferably from 4 to 5, at temperatures of from 
approximately -5*C to approximately room temperature. 

A substituted cytokine and a substituted immunoglobulin in which the 
substituents carry a mercapto function can be prepared, for example, also 
from a cytokine and from an immunoglobulin, respectively, by reaction 
with an iminothiolac tone , for example 2-iminothiolane , in an aqueous 
buffer solution at a pH of from approximately 5 to approximately 9, 
preferably close to the neutral point, that is about pH 8 , at tempera- 
tures of from approximately -5**C to approximately room temperature. 

Especially preferred is a process in which a cytokine or an immunoglobu- 
lin is condensed with N-succinimidyl-3-( 2-pyridyldi thio )-propionate in 
accordance with process a>, at the same time the appropriate complemen- 
tary immunoglobulin or cytokine is reacted with 2-iminothiolane in the 
manner described above, and the two sub-units are linked to form a dithio 
bond according to process c). Preferably the reaction steps are carried 
out without intermediates being isolated. 



Pairs of sub-units that together can form a carbon-sulfur bond according 
to process d) are, for example, cytokines and immunoglobulins substituted 
by bridge-former moieties, in which one bridge-former moiety carries a 
carbon-carbon double bond, a carbon-halogen bond or an epoxide function 
and the other bridge-former moiety carries a mercapto group, and the two 
bridge-former moieties together form the radical 



at 



The carbon-carbon doubl*? bond in process d) is preferably substituted 
one or both ends by an e 1 ec t r on- a 1 1 r ac t i n^^ group, for example by a 
carbonyl group of a ketone, of an ester or of an cmide, for example as i 
vinyl ketones, acrylic esters, acrylamldes, substituted 2 -hu t ene- 1 , 4- 
diones, for example qulnones, fumaric esters, fumaric amides, ma 1 e i c 
esters or, preferably, maleimides. 

The halogen atom of a carbon-halogen bond in process d) is. for example, 
chlorine, bromine or iodine. The carbon-halogen bond is preferably 
activated by a carbon-carbon or a carbon-oxygen double bond, for example 
as in allyl halides» halomethyl ketones, for example chloromethyl 
ketones, haloacetic acids and haloacetir acid derivatives, for example 
iodo-, bromo- or chloro-ace ta tes and -acetamides. a-chl oro- lower alkane- 
carboxylates and the like. 

The epoxide function in process d) is preferably a primary epoxide func- 
tion, that is to say a monosubst i t uted oxirane, and can be obtained, for 
example, in situ from a halohydrin by treatment with a base. 

In process d) , the reactants are reacted in an aqueous solvent that, if 
desired, contains an organic or inorganic buffer and/or a miscible 
organic solvent, for example a lower alkanol . a lower alkanediol, di- 
me thy If ormamide . acetonltrile or the like, preferably in the presence of 
an acid-binding agent, for example an alkali metal carbonate or hydrogen 
carbonate, for example sodium or potassium carbonate or hydrogen carbo- 
nate, or an alkaline earth metal carbonate, for example magnesium carbo- 
nate or calcium carbonate, or an organic base, for example a sterlcally 
hindered trl-lower alkylamine. for example ethyldlisopropy lamine , at 
temperatures of from approximately -20"C to approximately ♦50"C. prefer- 
ably from -5*C to room. temperature. 

The starting materials for process d) are known or can be prepared 
according to processes that are known per se. for example according to 
one of the processes described hereinbefore or hereinafter. In particu- 



lar, subscir.uted cytokines; or :uibctituted i mmunoc 1 ohu 1 i ns containing 
mercapto groups are prcpnrod in the mnnnor dfscribod tor the* starting 
materials for processes b) and c). 

Pairs of sub-units th.it together can form a cn rbon-n i t rogf^ n single or 
double bond according to process e) are, for c>:;mjjie, a cytokine contain- 
ing a free amino group, or svibctituted by one or more b r idg*?- f o rme r s 
containing a free amino or hydrazine function, and a reactive derivative 
of an immunoglobulin containing an aldehyde function, a reactive deriva- 
tive of a cytokine containing an aldehyde function and an Immunoglobulin 
containing a free amino group or containing Q bridge-former having a free 
amino or hydrazine function, or a substituted cytokine and a substituted 
immunoglobulin in which one substltuent contains an aldehyde function and 
the other, complementary substltuent, contains an nmlno or hydrazine 
function, and the two substltuents are together a bridge-former 2. 

A conjugate of the formula I is also formed in process e) from a mixture 
containing a cytokine, an immunoglobulin and a reactive derivative of the 
bridge-former containing two aldehyde functions, for example a lower 
alkane dialdchyde, for example g 1 u ta raldehyde . 

The condensation according to process e) is carried out in an aqueous 
solvent which, if desired, contains an organic or inorganic buffer and/or 
a miacible organic solvent, for example a lower alkanol, for example 
tert.-butanol , a lower alkanediol, for example glycol, diethylene glycol, 
polyethylene glycol, dimethylf ormamide , acetonitrile or the like, at 
temperatures of from approximately -20*C to approximately +50*C, prefer- 
ably from -5*C to room temperature. 

The conjugates obtainable in this manner containing carbon-nitrogen 
double bonds, that ±b to say iminea or hydrazonea. are. If desired, 
treated with a selective reducing agent that reduces the carbon-nitrogen 
double bond to the more stable carbon-nitrogen single bond, without 
affecting the amide bonds of the proteins. Such reducing agents ar , for 
example, borohydrides , fcr example alkali metal borohydrides , for example 



desired, on., or two hydrldcn h:,v.. b..on r..,>lacod by lower ..Ikovy groups, 
for oxample nr. i„ .so.liuni d im.-l hoxyborohv.l r id.? or sodium tort . -butoxyboro- 
hydriJc. or pr,-t\.iably In which one hydr id... h.is b.-.-n rvpl .c-d by a cyano 
nroup. .1..J in soJluin cy.i riobo rohydr i do . 

The re.luotion ii rnrri.d out in an aqu-ous buffer r.olution at a pH of 
from approximately 3 to appi ox imato ly 9. prof...rably cf from 3 to 6 for 
reductions with sodium cyanoborohydr j de . and eloHO to the noutral point. 
Chat is to say at .a pH of from 6 to 8. for reductions with metal boro- 
hydrides that are unsubs t i t u ted or substituted by lower alkoxy groups, at 
temperatures of from approximately -20-C to approximately +50^0. prefer- 
ably from -S-C to room temperature. If di-sired. tho aqueous solvent 
contains a miscible orr.anic diluent, for oxar.ple a lower alkanol. for 
example methanol, ethanol. icopropanol or tort . -butano I . or diethyl. 
Clycol. tricthylene clycol, ac-toni r r i 1 ♦» or the like. 
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The startinc materials for process e) are known or can bo prepared 
accordinc to processes that are known per se . for example by a process 
desc-.i .d hereinbefore or hereinafter. Reactive derivatives of a cytokine 
or immunoglobulin containinc an aldehyde function can be prepared In 
accordance with a process as described in European Patent Applica- 
tion 88 C95. In thi- process the carbohydrate residues of the said com- 
pounds are converted Into aldehyde derivatives by partial oxidation. That 
Patent Application also describes the formation of compounds having a 
hydrazine function, for example by the reaction of an amine with 
£-f luorophenylhydrazlnc . 

Pairs of reactants that can for« a carbon-nitrogen single bond In accor- 
dance with process f, are. for example, a cytokine containing a free 
amino group and an Immunoglobulin substituted by one or more bridge- 
formers containing a carbon-halogen bond or an epoxide function, « cyto- 
kine substituted by one or more bridge-former, containing a carbon- 
hal gen b nd or an epoxide function and an Immunoglobulin containing a 
free amino group, or substitut d cytokine, and .ub.tltuted Immunogl bu- 
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n and in pairs tho substltuents together form a bridge-former 2. A 
Jugate of formula I is also formed in process f; from a mixture con- 
ning a cytokine, an immunoglobulin and a reactive derivative of a 
dge-former containing two carbon-halogen bonds or two epoxide func- 
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The nature of the carbon-halogen bond and of the epoxide function is 
preferably as described above under process d) . Reactive derivatives of a 
bridge-former containing two carbon-halogen bonds are, for example, bis- 
halooethyl ketones, for example 1 . 3-dichloro- or 1 . 3-dibromo-acetone , 
bis-haloacetic acid derivatives, for example 1 , 4-butanediyl-bis-lodo- or 
-bromo-acetate and similar compounds. Reactive derivatives of a bridge- 
former containing two epoxide functions are. for example, butadiene-bis- 
epoxlde. 1 , 4-pentadiene-bis-epoxide or bis-glycidyl ether. 

The reaction conditions for process f) are the same as the reaction con- 
ditions described hereinbef o .e under process d). 

The starting materials for process f) are known or can be prepared 
according to processes that are known per se . for example by a process as 
described hereinbefore. 

The Intermediates and end products of the processes of the Invention are. 
if desired, purified, for example by dlaly«i» against water or buffer 
solutions, by chromatographic methods, preferably gel chromatography, 
high pressure liquid chromatography, affinity chromatography or ion ex- 
change chromatography, by ultrafiltration or by ultracentrif ugatlon . 

The invention relates also to those forms of the process in which a com- 
pound obtainable as intermediate at any stage Is used as starting 
material and the remaining steps are carried out. or the process is dis- 
continued at any stage, or a compound obtainable In accordance with the 
process of th invention is produced under the process conditions and 
further proc ss d in situ. 
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The inv nti n relates also to novel intermediates and processes for the 
preparation thereof. The starting materials and the reaction conditions 
are preferably so selected that those compounds referred to in the des- 
cription as being preferred are obtained. 

The conjugates of the invention can be used for the treatment of viral 
infections and tumours in the form of pharmaceutical preparations that 
contain an effective amount of the conjugate together with a significant 
amount of an Inorganic or organic, solid or liquid, pharmaceut ically 
acceptable carrier. 

Pharmaceutical preparations for parenteral, for example 1 ic ramuscular , 
subcutaneous or intravenous, administration to humans are preferred. Such 
preparations are isotonic aqueous solutions or suspensions containing the 
active conjugates together with a carrier and. if desired, adjuncts, for 
example stabilisers, emulsifiers, solubillsers . salts for regulating the 
pH and the osmotic pressure, preservatives and/or wetting agents. Th 
pharmaceutical preparations can be prepared according to methods that are 
known per se. for example in a process in which the active conjugates and 
the pharmaceutically acceptable carriers and adjuncts are mixed, if 
desired lyophillsed, and dissolved before use. 

The dosage of the pharmaceutical preparations containing the active con- 
jugates depends on the disorder to be treated^ the body weight, age and 
Individual condition of the patient as assessed by the doctor in atten- 
dance, and on the method of administration. Compared with the dosage of 
the corresponding free cytokine, amounts that are from two to approxi- 
mately one hundred times smaller are used producing the same biological 
activity. For example, a conjugate containing Interferon alpha is admin- 
istered in from one to three dally dosage units of from lO*- to 10^ lU 
(International Units of interferon activity), preferably from 10^ to 
10* lU. The conjugate can also be administered in higher doses, for 
example in such an amount that the same biological activity is achieved 
as is customarv with free cvtokine. As a result, the de5:ii-oH ^ho ^«r,oMi- ^ 



The 
the 



followinv. Exiimples aurvt- Lo iJlu:;Lran« the invunLioii but do not limit 
scope thereot in any way. 



The abbreviation:; used in the Kxampl.-s hav..- the foliowini; meanings: 

I FN interferon 

Ig immunoglobulin 

IgG immunoglobulin G 

lU International Units of IFN activity 

PBS phosphate-buffered physiological saline 

rlFN recombinant interferon 

Example 1; [ r I FNa^^ ) ( ( C=NH ) CM ; CH CH :? SSCH : CH ( C=0 ) ] (l gG ] 

1 rag of polyclonal human antibody IgG ( lyophilisate . Intraglobin F*^, 

Biotest) is dissolved in an Eppendorf tube in 500 m1 of PBS, pH 7.2. 

12 ul of 1.6 mM 3-(2-pyridyldithio)-propionic acid N-hydroxysuccinimide 

ester and 12 pi of ethanol are added dropwise to the IgG solution shaken 

in a Whirimix and the mixture is incubated at room temperature for 

30 minutes. Subsequently the mixture is dialysed overnight against PBS 

(buffer changed 3 times) at A^C. 

10 Mg of recombinant human interferon a.,^^ are dissolved in an Eppendorf 
tube in 500 pi of PBS. pH 7.2. 2-iminothiolane is dissolved at 0»C in l.M 
triethanolamine hydrochloride, pH 8.0. 5 pi of this iminothiolane solu- 
tion are added to the IFN solution and the mixture is incubated at room 
temperature for 90 minutes. The reaction mixture is dialysed against PBS 
at four times, for 1 hour in each case. The IFN solution is mixed 

with the above IgG solution, shaken at room temperature for 2 hours and 
maintained at A'c overnight. 

The conjugate is separated from free IFN by ultrafiltration at 4«C using 
a filter (average exclusion limit 50 000 Daltons). The two fractions are 
tested for IFN activity in the CPE inhibition assay (Cytopathic Effect, 
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^or a control, the entire reaction 

ly labelled ^"^i-xp,, „ " sequence 1. repeated with rnd • 

J-IF.V. Radioactive cor, 4 radioactive- 

I In fractions 12 to 25. 

"«tio„ u ,:,o 

"/B-D V..id ,Ci.o-Coi,, .c. „ 203 .0. '""rf.ron 

f",„ o l>l„t,pe„dodio„,t Ic. "«■"•" »""r- 

SP^lnee, l„.t.ad of irK. . S„..„, 

2b 

- of p»'yci„„.rh;;;;;r7:::;::7737r-T^ 

Bictost; 100 <,o, "-P-ni-ote. I„t,.3lobi„ r\ 

«Pendedie„t Spri„..; '""rforon . <ork Bl„t- 

- -<-'-->-..M.,-::o:.:::r ::: - - ^f 

""tes at room temperature with „ , incubated for 

3., Of .,t..ot.t.,to . , . d d """" 

M.inst PBS. ... .oX^tLn ^ ."^ T""^ « 

".other. , ^^^^^ J. , "o W.ed 

Off „ d..crlb.d »„ E,..pl. , 
•x..i„.d for i™ ^„ ^ « 'O' lU. Sor„„ „„p,„ 

— . a. ... ... si :::: z:tt - 

.r. ,o,,_ t. „t..,t... 
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IFNa^jj and Intraglobin F (human IgG) are injected. 

Example 4t General specification for the preparation of 

( cytokine | [ ( C'QCHgCHaSSCH^CHa ( C-O) ] f Ig 1 
In each case 2.5 mg of cytokine and immunoglobulin are dissolved in 
O.S ml of PBS pH 7.2 and each solution Is incubated for 30 minutes at 
25*C with 100 Ml of a freshly prepared 3-( 2-pyridyldithlo)-proplonlc acid 
N-hydroxysuccinlmide ester solution (4 mM). A PD-10 gel filtration column 
is equilibrated with 20 ml of a dlthiothreltol solution. The Ig solution 
is then applied to the column and eluted with 6 ml of acetate buffer of 
pH 4.5. 500 Ml fractions are collected and the extinction is measured at 
280 nm. Protein-containing fractions are combined, applied to a new PD-10 
gel filtration column equilibrated with PBS and eluted with phosphate 
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solution and incubated for -> hr. 

ronction product ia nnalysod usin,> 
electrophoresis. P" 1 ry 1 «el 

^''^"'P^'^ Pharmaceutic al comDo=^^^». 

Human albumin is added to aol.,r4« 

to solutions containinr IC IL" of r=.» 

mixtures .„ pbs „ .-c , , 



THi: CLAIMS DKFININC Illl-: INVKNTION AKi- AS FOLLOWS" 



1. CotijugaCHS ol cytokiifs with human iminunoj; lobu 1 in . 

2. Conjug.-ir.es according to claim 1 of lIi.< lormulii 

Ck-Z-lg (I, 

in which Ck is a residue ol a natural human cytokine or of a recombinant 
cytokine. Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 
and/or Z also may occur several times. 

3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon, of interleukin, of 
a related compound or of a fragment that retains the biological activity. 
Ig is a residue of a natural human immunoglobulin, Z is a covalent bond 
or a covalently bonded di-. tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
more carbon atoms have been replaced by oxygen, sulfur and/or unsubsti- 
tuted or substituted nitrogen atoms, and in which Ck, Ig and/or Z also 
may occur several times. 

A. Conjugates according to claim 2 or 3 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon or of a related 
compound, Ig is a residue of a natural human immunoglobulin, and Z is a 
covalent bond or a covalently bonded divalent hydrocarbon radical which, 
if desired, is substituted by oxo or imino. and/or in which one or mor 
carbon atoms have been replaced by oxygen, sulfur and/or nitrogen at ms. 



5. Conjugates according to any one of claims 2 to A of the f rmula I in 

which Ck ifl p rpsMno nf » no^,.-»1 u i r 



■ 



IS a covalenl bond, unsubat i I uLt-.J or o\o- or iniino-subst ituted lower 
alkylene, or comb i na c i ons of Lhul radic.-.il with oxy. Lhio, amino, 
phenylene amJ/or a/.acyc loa 1 ky lene . 

6. Conjugates according Lo any one ol claims 2 to 3 of the formula I in 
which Ck is a residue of a natural or recombinant human interferon alpha, 
Ig IS a residue of a natural human immunoglobulin G, and Z is a covalent- 
ly bonded oxo- and/or imino-substituted lower alkylene-dithio-lower 
alkylene radical. 

7. Conjugates according to any one of claims 2 to 6 of the formula I in 
which Ck is a residue of recombinant IFNa,^. Ig is a residue of a natural 

human immunoglobulin G. and 2 is carbonimidoy 1-propylene-dithio-ethylene- 
carbonyl. 

8. A process for the preparation of conjugates of cytokines with human 
immunoglobulin according to claim 1, which comprises reacting a cytokine 
with human immunoglobulin and. if desired, a bridge-former. 

■ 9. A process according to claim 8 for the preparation of conjugates of 
j he formula 

I Ck-Z-Ig (I), 

i 

which comprises so reacting 2 or 3 reactive sub-units of the conjugate f 
formula I with one another that a conjugate having . covalent bonds is 
formed, and isolating the conjugate. 

10. A process according to claim 9 which comprises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amin 
group with th complementary sub-unit containing a carb xylic acid gr up 
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I.) tor u,e ptop.„al.ion o( :s <:o„.j ^ ..j ,.,,„,ul.. I i„ which th..- :iu»,-uniL:; 
are linked hy a disulfid.. l.on.i . CroMCi,,,; iw. c.mp 1 cm..,. L a • v suh-w„iL:; i.h.a 
both contain a n>t.MC..pto jMoi.p with a mil,i o>: i .J i . i r..a,;..-nL . or 

c) for Lhe preparal uu. ot a conju.at. ol forumla 1 in whi. h the sub-units 
are linked bv a disulfide bond. :;ubs . n u . „, a r.actxv.. .ub.t Uor.able 
functional derivative of ih. mercapto j-roup of on^.- .sub-ur,it with the 
complementary sub-unit containing a mercapto r.roup. or 

for the preparation of a conjugate of formula 1 in which the sub-units 
are linked by a carbon-sulfur bond, addinjj a sub-unit containine a 
mercapto group to the complementary sub-unit containing a carbon-carbon 
double bond or containing an epoxide function, or substitutins a carbon- 
halogen bond by the mercapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrazine group, and. if desired, reducing the resulcim. 
carbon-nitrogen double bond to a carbon-nitrogen single bond with a^ 
-<»ducing agent, or 



I f) for the preparation of a conjugate of formula I i„ which the sub-units 

I are linked by a carbon-nitrogen single bond, adding a sub-unit containing 

I an amino or a hydrazino group to the complementary sub-unit containing an 

H epoxide function, or substituting a carbon-halogen bond by the a»ino or 



hydraz ino group . 

11. Pharmaceutical preparations containing conjugates of cytokines with 
human immunoglobulin • 

12. A process for the manufacture of pharmaceutical preparations 
according t claim 11. which comprises mixing conjugates of cytokines 
with human immunoglobulin with a suitable pharmaceutical carrier. 



13. A metlu,.! of ti-aLiur. v i ,;. J i ,. 1..,- l i on:: iin.l Lunioiifs in an aniinaJ 
mcludi!!,.. man. which compr i s.-:; adm i n i s i. c- r i nr. an t.-f t.fcL ivc .imounL of 
con.jun.ues of c v l.ok i nt-.s w i Ui l.mn.ui i mi.miiofi 1 oini i i ti accor.J i ri,'. Lo claim 1. 

U. Con.ju.ML,-: of rvLokint-s with hiunan inmmno{., 1 obu 1 i n , subsLant iai 1 y as 
hereinbefoi e d.jscribiMl .ind t-x.-mpl i f i ...i . 

15. A process for the prt-paraLion of con j u,;.ao:; of cytokines with human 
immunoglobulin accoidins t-o cl.iim 1. subatantialiy as hereinbefore 
described and exemplified. 

16. Pharmaceutical preparation:; containing conjugates of cytokines with 
human immunoglobulin, sub:;tanL ia 1 1 y as horiv inbef ore described and 
exemplified. 

17. A process for the manufacture of pharmaceutical preparations 
according to claim 11, substantially as hereinbefore described and 
exemplified. 

18. A method of treating viral infections and tumours in an animal 
including man, substantially as hereinbefore described and e.vempl i f led . 

FO 7.4/AW/gb* 
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